esp@cenet document view 


Page 1 of 1 


ELECTRONIC CIRCUIT AND SEMICONDUCTOR ELEMENT AND 
MANUFACTURING METHOD OF SEMICONDUCTOR ELEMENT 


Publication number: 
Publication date: 
Inventor: 
Applicant: 
Classification: 
• international: 
- European: 
Application number: 
Priority number(s): 


JP2001 102402 
2001-04-13 

SHIMIZU KOZO; AKAMATSU TOSHIYA 
FUJITSU LTD 

WOfL2f/60;HO1L21/O2; (IPC1-7): H01L21/60 

JP19990278409 19990930 
JP19990278409 19990930 


Report a data error here 


Abstract of JP2001 102402 
PROBLEM TO BE SOLVED: To provide an 
electronic circuit and a semiconductor element 
using solder materials with Sn as main 
components for preventing generation of 
protrusions and a method for manufacturing 
the semiconductor element. SOLUTION: Sn- w 
Ag based solder paste 34 filled in dents 32 of a 
dimple plate 30 is allowed to reflow so that a 
solder ball 36 can be formed, and an electrode 0>) 
layer including at least an Au layer is formed 
on the electrode layer of a semiconductor 
element 10, and a solder bump 16 made of ( C ) 
alloy including Sn and Ag is formed on the 
electrode layer, and Au is diffused from the 
electrode layer to the solder 16 so that a 
solder bump made of alloy including Sn and (d) 
Ag and Au can be formed. The semiconductor 
element 10 is positioned at the element 
loading position of a circuit board 20, and the . 
solder bump 16 on an electrode layer 1 4 of the 1 ; 
semiconductor element 1 0 is soldered with an 
electrode layer 22 of a circuit board 20. 
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Translation JP2001 -102402 


1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

[Claim(s)] 

[Claim l]An electronic circuit, wherein the soldered joint of the semiconductor device is 
carried out to the circuit board by solder containing Sn, and Ag and Au. 
[Claim 2] An electronic circuit where, as for said solder, a weight ratio of more than 
90wt% and Ag is characterized by a weight ratio of more than 2wt% and Au including 
solder material it is [ material ] 0.1 - 5wt% of within the limits by weight ratio of Sn in 
the electronic circuit according to claim 1 . 

[Claim 3]A semiconductor device, wherein a solder vamp which consists of a solder 
containing Sn, and Ag and Au is formed. 

[Claim 4] A semiconductor device to which, as for said solder, a weight ratio of more than 
90wt% and Ag is characterized by a weight ratio of more than 2wt% and Au including 
solder material it is [ material ] 0.1 - 5wt% of within the limits by weight ratio of Sn in 
the semiconductor device according to claim 3. 

[Claim 5]Form on an electrode an electrode layer which contains an Au layer at least, and 
on said electrode layer, A manufacturing method of a semiconductor device forming a 
solder vamp which consists of a solder containing Sn and Ag, and forming a solder vamp 
which consists of a solder which makes said vamp diffuse Au from said electrode layer, 
and contains Sn, and Ag and Au. 

[Claim 6]Form an Au layer in a hollow inner surface of a substrate for bump formation, 
and said hollow is filled up with soldering paste containing Sn and Ag, Make said 
soldering paste diffuse Au from an Au layer of said hollow inner surface, form a solder 
ball which consists of a solder containing Sn, and Ag and Au, and said solder ball is 
transferred on an electrode of a semiconductor device, A manufacturing method of a 
semiconductor device forming a solder vamp which consists of a solder containing Sn, 
and Ag and Au. 

[Claim 7]Fill up a hollow of a substrate for bump formation with soldering paste 
containing Sn, and Ag and Au, form in it a solder ball which consists of a solder which 
contains Sn, and Ag and Au in said hollow, and said solder ball is transferred on an 
electrode of a semiconductor device, A manufacturing method of a semiconductor device 
forming a solder vamp which consists of a solder containing Sn, and Ag and Au. 
[Claim 8]A manufacturing method of a semiconductor device characterized by said Au 
layer being 0.05-2-micrometer thickness in a manufacturing method of the semiconductor 
device according to claim 5 or 6. 

[Claim 9] A manufacturing method of a semiconductor device with which, as for said 
solder, a weight ratio of more than 90wt% and Ag is characterized by a weight ratio of 
more than 2wt% and Au including solder material it is [ material ] 0.1 - 5wt% of within 
the limits by weight ratio of Sn in a manufacturing method of a semiconductor device 
given in any 1 paragraph of claims 5 thru/or 8. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of a 
semiconductor device and a semiconductor device with which the solder vamp for the 
electronic circuit where the soldered joint of the semiconductor device of a bare chip is 
carried out to the circuit board, and a soldered joint is formed. 
[0002] 

[Description of the Prior Art] In recent years, in connection with the densification of 
electronic packaging, the number of input/output terminals of electronic parts increases, 
and, in the pitch between terminals, the request to minuteness making is strong. For this 
reason, as a method of joining electronic parts to the circuit board, join a semiconductor 
chip and an electrode by wirebonding and a semiconductor device is formed, Rather than 
the joining method which connects the semiconductor device to the circuit board, a solder 
vamp is formed in the semiconductor device of a bare chip, and the flip-chip-bonding 
method which is directly put in block to the circuit board, and is joined to it is becoming 
in use. 

[0003]In flip chip bonding, a solder vamp is formed in the electrode of a bare chip, and 
the solder vamp is joined to the electrode of the circuit board. Many solders of a Pb-Sn 
system are used as a material of a solder vamp until now. 

[0004]However, two or more isotopes exist in Pb, and these isotopes are the intermediate 
products or final products in the radioactive series of uranium (U) and thorium (Th), and 
are accompanied by the alpha decay which emits helium atom in a collapse process. For 
this reason, producing alpha rays from Pb in a solder, and those alpha rays reaching a 
semiconductor device, for example, a CMOS device, and causing a soft error is reported. 
If Pb flows into soil, it turns out that it begins to melt by acid rain and environment is 
affected, and the solder material not using [ from a field ] Pb also in environmental 
protection is called for strongly. 

[0005]Then, the solder to which the solder material glue of a Pb-Sn system used 
comparatively little Sn of the radiochemical impurity as the main ingredients is beginning 
to be used. 
[0006] 

[Problem(s) to be Solved by the Invention] The invention-in-this-application person pays 
his attention to a Sn-Ag system alloy as a solder material which used Sn as the main 
ingredients. Especially Sn-3.5wt%Ag eutectic crystal solder is observed as a leading 
material from the melting point being comparatively close to 221 ** and 183 ** which is 
the melting point of the Sn-Pb eutectic crystal solder generally used so far. Since this 
solder material has nickel of an electrode material, and quick reaction velocity with Cu 
and tends to diffuse them in an electrode material, in the usual semiconductor device or 
the electrode of the circuit board. Although there is a **** problem which is easy to 
produce a defect, like a vamp is missing by diffusion, a reliable soldered joint can be 
realized by devising the composition of an electrode layer, thickness, a film formation 
condition, etc. 

[0007]However, the invention-in-this-application person discovered being generated by 
the projection as shown in drawing 1 at a solder vamp, when the above-mentioned Sn- 
3.5wt%Ag eutectic crystal solder was used. Drawing 1 (a) is the top view which looked 


2 


at the semiconductor chip 100 from the upper surface, and drawing 1 (tO is a sectional 
view. 

[0008]The projection 106 of about 2 times [ of the diameter of a vamp ] length is formed 
in the solder vamp 104 formed on the electrode 102 of the semiconductor chip 100. The 
length of this projection 106 may amount also to a maximum of 200-300 micrometers. 
For this reason, when the pitch of the electrode 102 of the semiconductor chip 100 is 200 
micrometers or less. The solder vamp 104 which adjoins with this projection 106 was 
contacted, or the projection 106 caused ion migration etc., defects, such as an electric 
short circuit, occurred, and the problem of reducing reliability has arisen. 
[0009]The purpose of this invention is to provide the manufacturing method of an 
electronic circuit, a semiconductor device, and a semiconductor device using the solder 
material which a projection which uses Sn as the main ingredients and mentioned it 
above does not generate. 
[0010] 

[Means for Solving the Problem] An invention-in-this-application person inquired 
wholeheartedly that a problem mentioned above should be solved, solved a mechanism 
by which a projection is generated, as a result, added optimum dose of Au(s) to a Sn-Ag 
system alloy, and found out that generation of a projection could be prevented by using a 
solder containing Sn, and Ag and Au. 

[001 1]A constitutional diagram of a Sn-Ag system alloy is shown in drawing 2 . As 
shown in drawing 2 , a Sn-Ag system alloy is especially constituted from a molten state 
by two phases of Sn and Ag3Sn near Sn-3.5wt%Ag, when using Sn as the main 
ingredients. It has become clear from analysis results, such as an X diffraction, that a 
projection is Ag3Sn. Therefore, if it guesses from a constitutional diagram of drawing 2 , 
when there are more weight ratios of Ag than 3.5wt%, when a solder changes from the 
liquid phase to solid phase, it will be in the state where Ag 3 Sn deposits gradually, and 
when the crystal grows, it will be surmised that a projection of Ag3Sn is generated. This 
is a mechanism by which a projection is generated. 

[00 12] When Au is added to a Sn-Ag system alloy, it is based on the following 
mechanisms that generation of a projection can be prevented. In solder which used Sn as 
the main ingredients, it melts, Au is combined with Sn with ****** at the time of 
cooling, and an Au-Sn compound is generated. This Au-Sn compound has the 
characteristic of being easy to be distributed on the solder surface. 
[0013]It can limit into solder with a detailed crystallized state, without an Ag3Sn crystal 
growing in the vamp surface during cooling of a solder, if an Au-Sn compound is formed 
in the surface of a solder vamp. 

[00 14] An Ag 3 Sn crystal formed in a solder vamp growing like [ in the case of an Ag-Sn 
system alloy ], breaking through the outermost superficial layer of a vamp, and becoming 
a projection is also considered. The outermost superficial layer of a vamp that it is an Au- 
Sn compound However, since [ the mechanical property of an Au-Sn compound, since 
Young's modulus and tensile strength are mainly larger than an Ag3Sn compound ], It can 
limit in a solder vamp, without an Ag3Sn crystal breaking through the outermost 
superficial layer of an Au-Sn compound. 

[0015]Generation of a projection can be prevented by adding optimum dose of Au(s) to a 
Sn-Ag system alloy, and using for it a solder containing Sn, and Ag and Au according to 
such a mechanism. 
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[00 16] When a weight ratio of Sn is [ a weight ratio of Ag ] a Sn-Ag system alloy beyond 
2wt% in more than 90wt%, it is desirable for a weight ratio of Au to be 0.1 - 5wt% of 
within the limits. In supplying Au by laminating an Au layer to an electrode, a mentioned 
range is equivalent to the range of 0.05-2 micrometers as thickness of an Au layer. It is 
based on the following reasons that such a range is desirable. 
[0017]Since an Au-Sn compound will not fully be formed if a weight ratio of Au is 
smaller than 0.1 wt%, crystal growth of Ag3Sn cannot be deterred thoroughly. 
[001 8]On the contrary, it is because there is too much quantity of an Au-Sn compound, 
solder's own mechanical property will deteriorate and reliability, such as a fatigue life of 
a soldered joint part, will fall, if a weight ratio of Au is larger than 5wt%. It is because the 
melting point of solder material will rise, a temperature gradient of the liquidus line and 
the solidus line will be not less than 20 **, time for a solder vamp to exist with a fluid 
will become long, it will become easy to cause a position gap and the reliability of a 
soldering process will fall, if content of Au increases. 

[0019]Therefore, the above-mentioned purpose is attained by electronic circuit, wherein 
the soldered joint of the semiconductor device is carried out to the circuit board by solder 
containing Sn, and Ag and Au. 

[0020]As for said solder, in an electronic circuit mentioned above, it is desirable for a 
weight ratio of Sn to include more than 90wt% and solder material whose weight ratio of 
more than 2wt% and Au a weight ratio of Ag is 0.1 - 5wt% of within the limits. 
[0021]The above-mentioned purpose is attained by semiconductor device, wherein a 
solder vamp which consists of a solder containing Sn, and Ag and Au is formed. 
[0022] As for said solder, in a semiconductor device mentioned above, it is desirable for a 
weight ratio of Sn to include more than 90wt% and solder material whose weight ratio of 
more than 2wt% and Au a weight ratio of Ag is 0. 1 - 5wt% of within the limits. 
[0023]The above-mentioned purpose forms on an electrode an electrode layer which 
contains an Au layer at least, and on said electrode layer, Form a solder vamp which 
consists of a solder containing Sn and Ag, said vamp is made to diffuse Au from said 
electrode layer, and it is attained by a manufacturing method of a semiconductor device 
forming a solder vamp which consists of a solder containing Sn, and Ag and Au. 
[0024]The above-mentioned purpose forms an Au layer in a hollow inner surface of a 
substrate for bump formation, and said hollow is filled up with soldering paste containing 
Sn and Ag, Make said soldering paste diffuse Au from an Au layer of said hollow inner 
surface, form a solder ball which consists of a solder containing Sn, and Ag and Au, and 
said solder ball is transferred on an electrode of a semiconductor device, It is attained by 
a manufacturing method of a semiconductor device forming a solder vamp which consists 
of a solder containing Sn, and Ag and Au. 

[0025]The above-mentioned purpose fills up a hollow of a substrate for bump formation 
with soldering paste containing Sn, and Ag and Au, A solder ball which consists of a 
solder containing Sn, and Ag and Au is formed in said hollow, said solder ball is 
transferred on an electrode of a semiconductor device, and it is attained by a 
manufacturing method of a semiconductor device forming a solder vamp which consists 
of a solder containing Sn, and Ag and Au. 

[0026]As for said Au layer, in a manufacturing method of a semiconductor device 
mentioned above, it is desirable that it is 0.05-2-micrometer thickness. 
[0027]As for said solder, in a manufacturing method of a semiconductor device 
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mentioned above, it is desirable for a weight ratio of Sn to include more than 90wt% and 
solder material whose weight ratio of more than 2wt% and Au a weight ratio of Ag is 0.1 
- 5wt% of within the limits. 
[0028] 

[Embodiment of the Invention]The semiconductor device by one embodiment of this 
invention is explained using drawing 3 . As for the semiconductor device 10 of this 
embodiment, the solder vamp 16 is formed on the electrode layer 14 of the bare chip 12. 
On the bare chip 12, the electrode layer 14 which consists of Al layer 14a of about 100- 
nm thickness, Ti layer 14b of about 100-nm thickness, and the nickel layer 14c of about 
4-micrometer thickness is formed, On this electrode layer 14, optimum dose of Au(s) are 
added to a Sn-Ag system alloy, and the solder vamp 16 which consists of a solder 
containing Sn, and Ag and Au is formed. As for the solder of this embodiment, it is 
desirable for the weight ratio of more than 90wt% and Ag to be [ for the weight ratio of 
more than 2wt% and Au ] 0. 1 - 5wt% of within the limits in the weight ratio of Sn. 
[0029] Since optimum dose of Au(s) were added to the Sn-Ag system alloy as a solder for 
a soldered joint according to this embodiment, the projection of an Ag3Sn crystal can be 
effectively prevented from generating by a solder vamp in the formation process of a 
solder vamp. 

[0030]The electronic circuit using the semiconductor device of this embodiment is shown 
in drawing 4 . In this electronic circuit, the soldered joint of the semiconductor device 10 
of this embodiment is carried out to the circuit board 20. On the circuit board 20, the 
electrode layer 22 which consists of Cr layer 22a of about 100-nm thickness, Cu layer 
22b of about 0.5 -micrometer thickness, the nickel layer 22c of about 3-micrometer 
thickness, and 22d of Au layers of about 500-nm thickness is formed, and the solder 
vamp 16 of the semiconductor device 10 is connected to this electrode layer 22. 
[003 1] Sufficient reliability can be secured without a projection's causing ion migration 
etc. or defects, such as an electric short circuit, occurring, since the projection of the 
Ag3Sn crystal is not generated by the solder vamp 16 of the semiconductor device 10 
according to this embodiment. 

[0032]Two or more manufacturing methods which manufacture the semiconductor 
device by one embodiment of this invention are explained using drawing 5 thru/or 
drawing 10 . In order to manufacture the semiconductor device of this embodiment, when 
the solder vamp 16 is formed, it is required for a Sn-Ag system alloy to add optimum 
dose of Au(s) and to have become a solder containing Sn, and Ag and Au. For the 
purpose, Au may be added to a Sn-Ag system alloy from the beginning, and Au may be 
added just before formation of the solder vamp 16. There are the following 
manufacturing methods by the stage to add Au. 

[0033](The 1st manufacturing method) The 1st manufacturing method of the 
semiconductor device by one embodiment of this invention is explained using drawing 5 
and drawing 6 . 

[0034]First, dimple plate (Dimple Plate)30 for bump formation is prepared ( drawing 5 
(a)). In order to form a vamp in the dimple plate 30, the earthenware mortar-shaped 
hollow 32 is formed. 

[0035]Next, the hollow 32 of this dimple plate 30 is filled up with the Sn-Ag system 
soldering paste 34 which mixed 3.5wt% of Ag in Sn ( drawing 5 (bV). Then, a reflow of 
the dimple plate 30 is heated and carried out to about 280 **, and the solder ball 36 is 
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formed (drawing 5 (c)). 

[0036]On the other hand, the electrode layer 14 which consists of Ti layer 14b of about 
100-nm thickness, the nickel layer 14c of about 4-micrometer thickness, and 14d of Au 
layers of about 100-nm thickness the Al layer 14a top of about 100-nm thickness is 
formed on the bare chip 12 of the semiconductor device 10. For example, Ti layer 14b is 
formed by sputtering process on Al electrode 14a of the bare chip 12 surface. Then, the 
nickel layer 14c is formed on Ti layer 14b by an electrolytic plating method. Then, 14 d 
of Au layers are formed on the nickel layer 14c by an electrolytic plating method. As for 
the thickness of 14 d of this Au layer, it is desirable that it is the range of 0.05-2- 
micrometer thickness. 

[0037]Next, alignment of the semiconductor device 10 and the dimple plate 30 is carried 
out (drawing 6 (a)), the dimple plate 30 is brought close to the semiconductor device 10, 
and the solder ball 36 of the dimple plate 30 is transferred in the electrode layer 14 of the 
semiconductor device 10 (drawing 5 (dV). The transferred solder ball 36 is formed as the 
solder vamp 16 on the electrode layer 14 of the bare chip 12 ( drawing 5 (e)). As shown in 
drawing 6 (b) immediately after transfer, the solder vamp 16 of a Sn-Ag system alloy is 
formed on Au layer 14d which is the top layer of the electrode layer 14 on the bare chip 
12. Then, by heating at about 270-280 **, Au of 14 d of Au layers of the top layer is 
spread in the solder vamp 16, and as shown in drawing 6 (c\ the solder vamp 16 by 
which Au was added by the Sn-Ag system alloy is formed on the nickel layer 14c of the 
electrode layer 14 on the bare chip 12. 

[0038]Next, alignment of the semiconductor device 10 is carried out to the element 
helicopter loading site of the circuit board 20, the semiconductor device 10 is brought 
close to the circuit board 20, and the solder vamp 16 on the electrode layer 14 of the 
semiconductor device 10 is joined by solder to the electrode layer 22 of the circuit board 
20 ( drawing 5 (f)). Thus, an electronic circuit is completed. 

[0039]Thus, since the solder vamp was formed by the solder containing Sn, and Ag and 
Au according to the 1st manufacturing method, the projection of an Ag3Sn crystal can be 
effectively prevented from generating by a solder vamp. 
[0040](The 2nd manufacturing method) The 2nd manufacturing method of the 
semiconductor device by one embodiment of this invention is explained using drawing 7 
and drawing 8 . 

[0041]First, the dimple plate 30 for bump formation is prepared. The resist 40 is applied 
to surface areas other than hollow 32 of the dimple plate 30, it becomes depressed with 
sputtering process or vacuum deposition, and Au layer 38 of about 100 nm - 2- 
micrometer thickness is formed in 32 inner surfaces (drawing 7 (a)). As for the thickness 
of this Au layer 38, it is desirable that it is the range of 0.05-2-micrometer thickness. 
[0042]Next, it is filled up with the Sn-Ag system soldering paste 34 which mixed 3.5wt% 
of Ag in Sn on Au layer 38 in the hollow 32 of this dimple plate 30 ( drawing 7 (b)). 
Then, a reflow of the dimple plate 30 is heated and carried out to about 280 **, and the 
solder ball 36 is formed ( drawing 7 (c)). Au of Au layer 38 is spread in the Sn-Ag system 
soldering paste 34, and it becomes the solder ball 36 in which Au was added by the Sn- 
Ag system alloy. 

[0043] On the other hand, the electrode layer 14 which consists of Ti layer 14b of about 
100-nm thickness and the nickel layer 14c of about 4-micrometer thickness the Al layer 
14a top of about 100-nm thickness is formed on the bare chip 12 of the semiconductor 
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device 10. 

[0044]Next, alignment of the semiconductor device 10 and the dimple plate 30 is carried 
out, the dimple plate 30 is brought close to the semiconductor device 10, and the solder 
ball 36 of the dimple plate 30 is transferred in the electrode layer 14 of the semiconductor 
device 10 (drawing 7 (dT). The transferred solder ball 36 is formed as the solder vamp 16 
on the electrode layer 14 of the bare chip 12 (drawing 7 (e)V As a result, as shown in 
drawing 8 , the solder vamp 16 by which Au of the Sn-Ag system alloy was added is 
formed on the nickel layer 14c of the electrode layer 14 on the bare chip 12. 
[0045]Next, like the 1st manufacturing method, alignment of the semiconductor device 
10 is carried out to the element helicopter loading site of the circuit board 20, the 
semiconductor device 10 is brought close to the circuit board 20, and the solder vamp 16 
on the electrode layer 14 of the semiconductor device 10 is joined by solder to the 
electrode layer 22 of the circuit board 20. Thus, an electronic circuit is completed. 
[0046] Since the solder vamp was formed by the solder containing Sn, and Ag and Au 
according to this 1st manufacturing method, the projection of an Ag3Sn crystal can be 
effectively prevented from generating by a solder vamp. 
[0047](The 3rd manufacturing method) The 3rd manufacturing method of the 
semiconductor device by one embodiment of this invention is explained using drawing 9 
and drawing 10 . 

[0048]First, the dimple plate 30 for bump formation is prepared. It is filled up with the 
soldering paste 34 which mixed optimum dose of Au(s) in the Sn-Ag system alloy in the 
hollow 32 of this dimple plate 30 (drawing 9 (a)). In the weight ratio of more than 90wt% 
and Ag, the weight ratio of more than 2wt% and Au carries out [ the weight ratio of Sn ] 
the soldering paste 34 0.1 - 5wt% of within the limits, for example. 
[0049]Next, a reflow of the dimple plate 30 is heated and carried out to about 280 **, and 
the solder ball 36 is formed ( drawing 9 (bY). It becomes the solder ball 36 in which Au 
was added by the Sn-Ag system alloy. 

[0050]On the other hand, the electrode layer 14 which consists of Ti layer 14b of about 
100-nm thickness and the nickel layer 14c of about 4-micrometer thickness the Al layer 
14a top of about 100-nm thickness is formed on the bare chip 12 of the semiconductor 
device 10. 

[0051]Next, alignment of the semiconductor device 10 and the dimple plate 30 is carried 
out, the dimple plate 30 is brought close to the semiconductor device 10, and the solder 
ball 36 of the dimple plate 30 is transferred in the electrode layer 14 of the semiconductor 
device 10 (drawing 9 (c)). The transferred solder ball 36 is formed as the solder vamp 16 
on the electrode layer 14 of the bare chip 12 ( drawing 9 (d)). As a result, as shown in 
drawing 1 0 , the solder vamp 16 by which Au of the Sn-Ag system alloy was added is 
formed on the nickel layer 14c of the electrode layer 14 on the bare chip 12. 
[0052]Next, like the 1st manufacturing method, alignment of the semiconductor device 
10 is carried out to the element helicopter loading site of the circuit board 20, the 
semiconductor device 10 is brought close to the circuit board 20, and the solder vamp 16 
on the electrode layer 14 of the semiconductor device 10 is joined by solder to the 
electrode layer 22 of the circuit board 20. Thus, an electronic circuit is completed. 
[0053]Since the solder vamp was formed by the solder containing Sn, and Ag and Au 
according to this 3rd manufacturing method, the projection of an Ag 3 Sn crystal can be 
effectively prevented from generating by a solder vamp. 
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[0054]Not only the above-mentioned embodiment but various modification is possible 
for this invention. For example, although the Au layer was formed the electrode layer top 
of a semiconductor device, and in the hollow of a dimple plate in the above-mentioned 
embodiment, an Au layer is formed on the electrode layer of a partner's circuit board 
joined, and it may be made to make a solder diffuse gold from this Au layer. An Au layer 
may be formed in the electrode layer of both a semiconductor device and the circuit 
board. 
[0055] 

[Example] (Example 1-1 to 1-6) In Example 1-1 to 1-6, the semiconductor device was 
manufactured with the 1st manufacturing method. 

[0056]A reflow of the soldering paste 34 with which the hollow 32 of the dimple plate 30 
was filled up was carried out, and the solder ball 36 was formed. The soldering paste 34 
uses the Sn-Ag system solder which mixed 3.0wt% of Ag in Sn in Example 1-1, The Sn- 
Ag system solder which mixed 3.5wt% of Ag in Sn in Example 1-2 is used, The Sn-Ag 
system solder which mixed 4.0wt% of Ag in Sn in Example 1-3 is used, The Sn-Ag-Zn 
system solder which mixed 3.5wt% of Ag and 1 .0wt% of Zn in Sn in Example 1-4 is 
used, In Example 1-5, the Sn-Ag-Bi system solder which mixed 3.5wt% of Ag and 
1 .0wt% of Bi in Sn was used, and the Sn-Ag-Cu system solder which mixed 3.5wt% of 
Ag and 0.7wt% of Cu in Sn was used in Example 1-6. The abundance ratio of Pb in Sn of 
a solder in these Examples 1-1 to 1-6 is 1 ppm or less, and the amount of alpha rays used 
the following [ 0.01 cph/cm 2 ]. 

[0057]On Al layer 14a of the bare chip 12 of the semiconductor device 10, Ti layer 14b 
of about 100-nm thickness is formed by sputtering process, The nickel layer 14c of about 
4-micrometer thickness was formed on Ti layer 14b by the electrolytic plating method, 
and 14 d of Au layers of 500-nm thickness were formed on the nickel layer 14c by the 
electrolytic plating method. 

[0058]Next, alignment of the semiconductor device 10 and the dimple plate 30 was 
carried out, the solder ball 36 of the dimple plate 30 was transferred in the electrode layer 
14 of the semiconductor device 10, and the solder vamp 16 was formed on the electrode 
layer 14 of the bare chip 12. Au was spread in the solder vamp 16 from 14d of Au layers 
which are the top layer of the electrode layer 14, and the solder vamp 16 by which Au 
was added was formed in the solder mentioned above. 

[0059]Next, alignment of the semiconductor device 10 was carried out to the element 
helicopter loading site of the circuit board 20, the solder vamp 16 on the electrode layer 
14 of the semiconductor device 10 was joined by solder to the electrode layer 22 of the 
circuit board 20, and the electronic circuit was manufactured. 
[0060] It was observed by viewing whether in a manufacturing process, it would be 
generated by the projection by the solder vamp 16. As a result, the projection was 
observed in no Examples 1-1 to 1-6. 

[0061]The PCT (Presser Cooker Test) examination was done with 125 **, 85%RH, and 
the impressed electromotive force of 5V to the electronic circuit which joined the 
semiconductor device 10 by solder to the circuit board 20. As a result, insulation has been 
secured for 200 hours or more in all the Examples 1-1 to 1-6. 

[0062]The thermal cycling test for 125 ** 30 minutes, and -55 ** 30 minutes was done to 
the same electronic circuit. The result has checked the fatigue life of 200 or more cycles 
in all the Examples 1-1 to 1-6. 
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[0063](Example 2-1 to 2-6) In Example 2-1 to 2-6, the semiconductor device was 
manufactured with the 2nd manufacturing method. 

[0064]Au layer 38 of 500-nm thickness was formed in hollow 32 inner surface of the 
dimple plate 30 with sputtering process or vacuum deposition. Next, a reflow of the 
soldering paste 34 with which the hollow 32 of the dimple plate 30 was filled up was 
carried out, and the solder ball 36 was formed. 

[0065]The soldering paste 34 uses the Sn-Ag system solder which mixed 3.0wt% of Ag 
in Sn in Example 2-1, The Sn-Ag system solder which mixed 3.5wt% of Ag in Sn in 
Example 2-2 is used, The Sn-Ag system solder which mixed 4.0wt% of Ag in Sn in 
Example 2-3 is used, The Sn-Ag-Zn system solder which mixed 3.5wt% of Ag and 
1.0wt% of Zn in Sn in Example 2-4 is used, In Example 2-5, the Sn-Ag-Bi system solder 
which mixed 3.5wt% of Ag and 1.0wt% of Bi in Sn was used, and the Sn-Ag-Cu system 
solder which mixed 3.5wt% of Ag and 0.7wt% of Cu in Sn was used in Example 2-6. The 
abundance ratio of Pb in Sn of a solder in these Examples 2-1 to 2-6 is 1 ppm or less, and 
the amount of alpha rays used the following [ 0.01 cph/cm 2 ]. 

[0066] Au was spread in the solder vamp 16 from Au layer 38 of hollow 32 inner surface 
of the dimple plate 30, and the solder ball 36 in which Au was added was formed in the 
solder mentioned above. 

[0067] On Al layer 14a of the bare chip 12 of the semiconductor device 10, Ti layer 14b 
of about 100-nm thickness was formed by sputtering process, and the nickel layer 14c of 
about 4-micrometer thickness was formed on Ti layer 14b by the electrolytic plating 
method. 

[0068]Next, alignment of the semiconductor device 10 and the dimple plate 30 was 
carried out, the solder ball 36 of the dimple plate 30 was transferred in the electrode layer 
14 of the semiconductor device 10, and the solder vamp 16 was formed on the electrode 
layer 14 of the bare chip 12. 

[0069]Next, alignment of the semiconductor device 10 was carried out to the element 
helicopter loading site of the circuit board 20, the solder vamp 16 on the electrode layer 
14 of the semiconductor device 10 was joined by solder to the electrode layer 22 of the 
circuit board 20, and the electronic circuit was manufactured. 

[0070]It was observed with the optical microscope whether in a manufacturing process, it 
would be generated by the projection by the solder vamp 16. As a result, the projection 
was observed in no Examples 2-1 to 2-6. 

[0071]The PCT examination was done with 125 **, 85%RH, and the impressed 
electromotive force of 5 V to the electronic circuit which joined the semiconductor device 
10 by solder to the circuit board 20. As a result, insulation has been secured for 200 hours 
or more in all the Examples 2-1 to 2-6. 

[0072]The thermal cycling test for 125 ** 30 minutes, and -55 ** 30 minutes was done to 
the same electronic circuit. The result has checked the fatigue life of 200 or more cycles 
in all the Examples 2-1 to 2-6. 

[0073] (Example 3-1 to 3-6) In Example 3-1 to 3-6, the semiconductor device was 
manufactured with the 3rd manufacturing method. 

[0074]It was filled up with the soldering paste 34 which mixed optimum dose of Au(s) in 
the Sn-Ag system alloy in the hollow 32 of the dimple plate 30. 
[0075]The soldering paste 34 uses the Sn-Ag system solder which mixed 3.0wt% of Ag 
in Sn in Example 3-1, The Sn-Ag system solder which mixed 3.5wt% of Ag in Sn in 
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Example 3-2 is used, The Sn-Ag system solder which mixed 4.0wt% of Ag in Sn in 
Example 3-3 is used, The Sn-Ag-Zn system solder which mixed 3.5wt% of Ag and 
1.0wt% of Zn in Sn in Example 3-4 is used, The Sn-Ag-Bi system solder which mixed 
3.5wt% of Ag and 1.0wt% of Bi in Sn in Example 3-5 is used, In Example 3-6, the Sn- 
Ag-Cu system solder which mixed 3.5wt% of Ag and 0.7wt% of Cu in Sn was used, and 
lwt% of gold was added to these, respectively. The abundance ratio of Pb in Sn of a 
solder in these Examples 3-1 to 3-6 is 1 ppm or less, and the amount of alpha rays used 
the following [0.01 cph/cm 2 ]. 

[0076]It became depressed about the dimple plate 30, and the solder ball 36 was formed 
in the solder of the presentation which carried out a reflow of the soldering paste 34 in 
32, and mentioned it above. 

[0077]On Al layer 14a of the bare chip 12 of the semiconductor device 10, Ti layer 14b 
of about 100-nm thickness was formed by sputtering process, and the nickel layer 14c of 
about 4-micrometer thickness was formed on Ti layer 14b by the electrolytic plating 
method. 

[0078]Next, alignment of the semiconductor device 10 and the dimple plate 30 was 
carried out, the solder ball 36 of the dimple plate 30 was transferred in the electrode layer 
14 of the semiconductor device 10, and the solder vamp 16 was formed on the electrode 
layer 14 of the bare chip 12. 

[0079]Next, alignment of the semiconductor device 10 was carried out to the element 
helicopter loading site of the circuit board 20, the solder vamp 16 on the electrode layer 
14 of the semiconductor device 10 was joined by solder to the electrode layer 22 of the 
circuit board 20, and the electronic circuit was manufactured. 
[0080]It was observed by viewing whether in a manufacturing process, it would be 
generated by the projection by the solder vamp 16. As a result, the projection was 
observed in no Examples 3-1 to 3-6. 

[0081]The PCT examination was done with 125 **, 85%RH, and the impressed 
electromotive force of 5 V to the electronic circuit which joined the semiconductor device 
10 by solder to the circuit board 20. As a result, insulation has been secured for 200 hours 
or more in all the Examples 3-1 to 3-6. 

[0082]The thermal cycling test for 125 ** 30 minutes, and -55 ** 30 minutes was done to 
the same electronic circuit. The result has checked the fatigue life of 200 or more cycles 
in all the Examples 3-1 to 3-6. 

[0083](Comparative examples 1-6) The comparative examples 1-6 formed the solder 
vamp, without adding gold. 

[0084JA reflow of the soldering paste 34 with which the hollow 32 of the dimple plate 30 
was filled up was carried out, and the solder ball 36 was formed. The soldering paste 34 
uses the Sn-Ag system solder which mixed 3.0wt% of Ag in Sn in the comparative 
example 1, The Sn-Ag system solder which mixed 3.5wt% of Ag in Sn in the 
comparative example 2 is used, The Sn-Ag system solder which mixed 4.0wt% of Ag in 
Sn in the comparative example 3 is used, The Sn-Ag-Zn system solder which mixed 
3.5wt% of Ag and 1 .0wt% of Zn in Sn in the comparative example 4 is used, According 
to the comparative example 5, the Sn-Ag-Bi system solder which mixed 3.5wt% of Ag 
and 1.0wt% of Bi in Sn was used, and the Sn-Ag-Cu system solder which mixed 3.5wt% 
of Ag and 0.7wt% of Cu in Sn was used by the comparative example 6. The abundance 
ratio of Pb in Sn of a solder in these comparative examples 1-6 is 1 ppm or less, and the 
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amount of alpha rays used the following [ 0.01 cph/cm 2 ]. 

[0085]On Al layer 14a of the bare chip 12 of the semiconductor device 10, Ti layer 14b 
of about 100-nm thickness was formed by sputtering process, and the nickel layer 14c of 
about 4-micrometer thickness was formed on Ti layer 14b by the electrolytic plating 
method. 

[0086]Next, alignment of the semiconductor device 10 and the dimple plate 30 was 
carried out, the solder ball 36 of the dimple plate 30 was transferred in the electrode layer 
14 of the semiconductor device 10, and the solder vamp 16 was formed on the electrode 
layer 14 of the bare chip 12. 

[0087]Next, alignment of the semiconductor device 10 was carried out to the element 
helicopter loading site of the circuit board 20, the solder vamp 16 on the electrode layer 
14 of the semiconductor device 10 was joined by solder to the electrode layer 22 of the 
circuit board 20, and the electronic circuit was manufactured. 
[0088]It was observed by viewing whether in a manufacturing process, it would be 
generated by the projection by the solder vamp 16. as a result — the comparative example 
1 — the probability of 0.05% — the comparative example 2 — the probability of 0.1% - 
the comparative example 3 — the probability of 0.2% - the comparative example 4 - 
with the probability of 0.1%, in the comparative example 5, it was generated by the 
projection with the probability of 0.1%, and was generated in the probability of 0.2% at 
the comparative example 6. 

[0089]The PCT examination was done with 125 **, 85%RH, and the impressed 
electromotive force of 5 V to the electronic circuit which joined the semiconductor device 
10 by solder to the circuit board 20. As a result, insulation has been secured in no 
comparative examples 1-6 only for about 50 to 100 hours. 

[0090]The thermal cycling test for 125 ** 30 minutes, and -55 ** 30 minutes was done to 
the same electronic circuit. The result has checked the fatigue life of 200 or more cycles 
in all the comparative examples 1-6. 
[0091] 
[Table 1] 
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[0092]The experimental result was summarized about Example 1-1 to 1-6, Example 2-1 
to 2-6, Example 3-1 to 3-6, and the comparative examples 1-6 which were mentioned 
above, and it was shown in Table 1 . 
[0093] 

[Effect of the Invention] As above, by this invention, optimum dose of Au(s) are added to 
a Sn-Ag system alloy, and the solder containing Sn, and Ag and Au is used for it. 
Therefore, a reliable soldered joint can be realized, without being generated by the 
projection. 


[Brief Description of the Drawings] 

[Drawing 1 H t is a figure showing the state where it was generated by the projection by 

the solder vamp of the semiconductor device. 

[Drawing 2 l it is a constitutional diagram of a Sn-Ag system alloy. 

[Drawing 3 l it is a sectional view showing the semiconductor device by one embodiment 

of this invention. 

[Drawing 41 It is a sectional view showing the electronic circuit by one embodiment of 
this invention. 

[Drawing 5] It is a process sectional view of the 1st manufacturing method of the 
semiconductor device by one embodiment of this invention. 

[Drawing 6] It is a sectional view showing the details of the 1st manufacturing method of 
the semiconductor device by one embodiment of this invention. 
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[Drawing 7] It is a process sectional view of the 2nd manufacturing method of the 
semiconductor device by one embodiment of this invention. 

[Drawing 81 It is a sectional view showing the details of the 2nd manufacturing method of 
the semiconductor device by one embodiment of this invention. 
[Drawing 91 It is a process sectional view of the 3rd manufacturing method of the 
semiconductor device by one embodiment of this invention. 

[Drawing 101 It is a sectional view showing the details of the 3rd manufacturing method 

of the semiconductor device by one embodiment of this invention. 

[Description of Notations] 

10 ~ Semiconductor device 

12 -- Bare chip 

14 - Electrode layer 

14a — Al layer 

14b ~ Ti layer 

14 c-nickel layer 

14d--Au layer 

16 - Solder vamp 

20 - Circuit board 

22 — Electrode layer 

22a - Cr layer 

22b - Cu layer 

22 c-nickel layer 

22d — Au layer 

30 - Dimple plate 

32 - Hollow 

34 — Soldering paste 

36 - Solder ball 

38 - Au layer 

40 - Resist 

100 - Semiconductor chip 
102 - Electrode 
104 -- Solder vamp 
106 - Projection 
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[0013] UJU&iy70am£ Au - S n-ffcSW 
#j£3*vO*4k . ^tf4AO}MIW(C''CV7 l glf£ 
*$^TAg 3 Snttfi3&*J«J|-r4ii:=Sr<. ttUH&l&A 

[00 14]**:, Ag-Snj^Wl^fOj:^, 
li^A'yrrtCMJiiitAgj S nttAtf&ftl 
T. Ayr*>*»iiiJB££&tt^Tg§eftkfr4£kfc 

L.#>L&#<b. A>r^ii*!Au- 

S n-fc^drC* 4k, Au-S nft£*<9$«W#1i. 
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±k LT^yX^ISiSigtfA sz S nfc£*J: 0 fc 
*#VtfC#>, AgjSngft*!Au-Snft^fti 

I). 

100 15] Z(?>£o%X*}-XMz£*). Sn-Ag 
*^tCS»<OAu$:SDi, SnkAgkAutJttf 

<3,C*:£&£ffl^4£ blzX 0£i©fe?>£J«£KiI:-f4 
■Ik#t'#4. 

[00 16] Sn<7)fiftjt#9 0wt%OtT\ 

A g coiait* 1 2 w t %U±<D S n - A g 

Au0)SftJt*<O. l~5wt%<oefflrtT'*SC 
k#M2U\, WZAulB£WatlZblz£*)Au 
S:tt»t6«^(c«. JjEKBMt. Aul^BWtUT 
0. 0 5~2,umO&B£ffl§-t4. <I?>J: 5&KHtf 
M£ U^>ii&co i o %mMz£ 4„ 

[0 0 1 7] AuOMJttfO. lwt%J:Ot'h$v^ 
k, Au-Snfc^jH^fcJlM3itfc^fctf>, Ag 
3 SnC»m§ l SSi.%&&klzmt&Zbi)<V$%\.\ 

[00 1 83 JSC. AuomSJt^'5wt%J:0t^# 
V>k , Au-S nft^«09JU9-f Ft tt/,rtfi#tf>» 

h b \thtzimm&tf±M\.xmm t mnmm. 
mm< ^xmrn^z t**< & o . tt«5 

[00 1 9] Itztf^X. JJESWU. SntAgtA 
u k £*OliA,££*£ J; 9^fH^I3K3»3i 
iWaSK3ilT^6i k 5r#Sik t&mmiZjinX 

[0020] ±3*Lfc*^IBWclS^T . flriE<i/C£& 
SnOS4Jt* ? 9 0wt%iU±. Ag^amitA>' 
2wt%feLh, AucoMMJt* { 0. l~5wt%OKffl 

[ 0 0 2 1 ] ±fSBWti:. SnbAgbAubZ-ktM 
Ltz£<kfr t>%mA,& OTffM&iZhX ^hZbi 

[0022] ±aufc^mwwfffc4j^T . mmMz 

^(i. SnC0fiSJt* J 9 0wt%J-Xh. AgOSiJt 
**2wt%ULt. Au<DMJt# J 0. l-5wt%(7)ffi 

[0023] JJEBWIi. «S±fc^S:<kfcAuJiS' 
*tf«SWS»«L, lffie«ttl±tc, SniiAgtSr 
* trtt^-&A*» ^ ^ 4 \iA,tz*yr £ JBfifc u . mie« 

aJB*»feAu*fne/07-fcJftU!S*T. SntAgt 

Auk *%ts\iMz^^h%h\tA,t*rtvrmfct 
tzb zmb?z*mmwwmmizx otM 

[0024 3 JJBBWtt, Ayr»«fflfflR<oa»rtlii 
CAul*»*U. WEa»fcSnkAgkt*«i^ 


1 4 c ±fc S n - A g A u #8an3ilfc(i ajE 

t o o 3 8 3 mz , 2 o o*?ffttttwc¥9 

1 Ofcti***rti-U *NMi*Fl OfcEIIHHK 

2 0 ICjfr-Wt . 4^(*S^ 1 0<0«6il 1 4±C0MX 
<fA>n 6£BS&»£2 0<D«©i2 2(Ct±X,fc'&£ 

•rs (05 (f > ) . z^xdizixm+mm^fc? 

[ 0 0 3 9 ] .1 WJ: 5 (cgl 1 tf^EWSrftt iiUf . S n 

KM Lfcw, li/Uf; N>ric a s 3 s n g^o^g^ 

[ 0 0 4 0 J (35 2 OlBi*?£ ) *58BHO-|QBBJBHC 
J: **»«t« : F«JB2<Ol!3a*ife^H7 &tf08 Srffl^ 

[004 1 ] £"f . Axr^&fflcor-r yr/fcTV-h 

3 0 r-f yr;i-rv-h3 0<7)SA3 2Jjl 
ftamwmmz u : ^xb4o i. u 

ffiXUjKgffifcJ: OS* 3 2|*lfflfc*n 0 0 nm~2ju 
mflP)Aul3 8«r»dW6 (07 (a) ) . ClOAu 
13 8<9JDf(iO. 0 5-2>L/nilf<50KHt'^SC:i:* ? 

[0 04 21 mz. z\<r>T<cy7)\/7\s-\-3 0<r)Wi- 
3 2rtcOAul3 8Ji{C, Snt3. 5wt%c9Ag£ 
SA. Lfc S n - A zmtAslZ^-X V 3 4 £3S*t* 

(07 (b) ) . fljWC, r-f yr/Uru— h3 0£#7 
2 8 CCMMfeLT U 7EJ- U UX*f#-/l'3 6 SrJ^ 
Jfrf* (07 (c) ) . Sn-Agm^-Xh3 
4KAu«3 8<9Au#t£tfct.T. Sn-Ag|^iC 
A u #^n3Jxfc«Xrt:*-/U3 6 . 

[004 33 -^F. iHWHB^l 0*X7f"y71 2± 
£. ifcl OOnmlfOA HHait^l OOnmJI 
OT i 11 4 b t $^4 ;u mf<ON i 11 4 c frto%h% 

mi4m®.ixa<. 

1 0 0 4 4 ] fctC, ^SH**? 1 0 t r -f V7)V7V- 
b3 0fc fctflflteirttU tO7)17U-Y-3 0£¥ 
mi*** I Otifi^WT. O^tffiiH 

-f XTW- h 3 0c9(iA,fc'*-/l/3 6 fcHS^t 
£ (07 (d) ) . G?3ftfctt<l&K-A'3 6U. * 
7f-/7*l 2c7)«^l 1 4±Ktt/«fA;<71 6 1 LT 
(07 (e) ) . **>ISft. 08^t«t5 

^Tf-yri 2±<0«fliJ114<ON iil4ciC 
S n - A g%&&cr>A u af^SftfcttA^cVNVT" 1 6 

[ o o 4 5 ] aic . us i mmmt mmiz . @s&»g 

2 0<o5SI?fc«fiiS(::¥*ttS&? 1 0 $:(iS^^ U 

1 0 £ 0S&»£ 2 0 fcifirWC . ¥*fl*P 
1 ODtSl 1 4±<0{i^N'y7*l 6 £H]f&»g2 0 
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[004 6] Z(?)&l<r)$mi]&lz£tltf. SniAg 

£ot\ tt£tfAy7£Ag,snttAog&B!litf&j£ 

[0047] (SiS3comfri£) *»HO-SatJKIWC 

±4^ft*?^)^3<osji^ffi^09&^0i otm- 

[0 04 8] i-f, A'yrM^f'f >-77P7V- h 
3 0$rfflg-fl>. d^r-fyr^ru—h 30^3^3 
2 fit, Sn-Agate£fcM*>Au£fflAU:UX 
fcX-X b 3 4 (09(a)). fcfcUf*- 

*h34Ji, mHi. SnOl»ittf9 0wt%lilL 
Ag^SSlt* J 2wt%feJLh, AuC9*ftJt*<0. 1~ 

[0049] iXtC, -f-f >7/l/7U-h3 0H-72 8 0 
'CiztmXX 'J7D-L. UXfc'tf-A-3 6 fMtS 

(09 (b) ) . Sn-Ag^^tCAu*^jD§^ 
«;LUf#-/P3 6fc$:l>. 

[0050] -if. y-mfamTi o<ry<*7i- '/7i 2± 

t, *>)10 0nmifc7)Alll4a±t^l00nmJi 
i 1 1 4 b t #J4 mUcON i 1 1 4 c frbft&W, 
ffill4 5r«L-C*J<. 

[0051 ] »:{C. 1 0 1 r 4 VTVPTI/- 

h 3 o t r -f y^uru— b 3 0 

1 0 KiS-WT . ^(*^^ 1 0 comfiil 1 4 
IZt -f yr;pru- h 3 0 ^7){i:^/i^•K-;^3 6 
h (09 (c) ) . C5Sftfctt/,rtf«K-^3 6li. < 
7f-'/7*l 2 C0«fiil 1 4 ifctt^N'V 7 1 6 1 LT 
(09 ( d ) ) . *<7)m%, 01 Ofc^tJ: 
'sTf-yTl 2±com«§114cONill4c_h 
l:Sn-A gl^iOAu *>'^!lPSi^/di^/iA>'7 , 1 

[ 0 0 5 2 ] m 1 OWft&ifcfc . ES§»S 
2 0 <D$?f5«<iBfc¥3tt&? 1 o mm^bit I . 
1 0 * Eli&fflS 2 0 K jficfftT , 

i ocom&m 1 4±<oti^A'yr 1 6 i®$mwi.2 o 

[00 5 3] ZCO%3<VW&TmiZj;tUZ, SntAg 
tAutZ-£M&Ltz^zZ.*)\<iA,tl/<>v7*B$LL 

tzcox\ a g3 s nm&nmmtf&iSL 

[0054] xwrnHzmBmizm e>-r m«co$m 
mmx'bz. mm. mmmmmxuA uiefi 

L/c^\ ^^-$ixl»ffl^O[llS5«^co«ffil±(:Aul 

<0««Sl(:Aul^«LTt)ctv\ 
[0055] 


imrnm) (mmmi-i-i-e) mmmi-i^i 

- 6 Ttt» 1 oWtt&tfefc J: O^HWR^SWt Lfc. 
[00 5 6] r-< >T;l/TU-h 3 0<^)S^3 2 ti?E« 
Lfctt/U**-* h 3 4 & >) 7D- LTI&tttf--*'3 
6 fc»jft Lfc. B^*-* h 3 414. Xftffl 1 — IT 
l4SnC3. Owt%<7)Ag5rSAL^Sn-Ag^(i 
A£'££$:<$ffi I . Xltn 1 - 2 Ttt S n |c 3 . 5 w t 
%<7)A g SrgALfc S n - A g»(i^-&A^«ffl L . 
Hfcm-3TliSnfc4. OwtX»A«feSALfc 
Sn-Agm^tJffflL. SSStMl-4T«S 
nfc3. 5wt%<0Agtl. Owt%cOZntS:iSA 
LfcS n - A g - Z n3WdX«*ASrttfflU. JBfcfll 
-5TttSnfc3. 5wt%c7)Agi: 1 . 0wt%c7)B 
i t £?IA Lfc S n - A g - B i 3MiA,*f**£«y8 
U HMttf!l-6TliSnfc:3. 5wt%OAgi:0. 
7wt%(0Cuk*SALtSn-Ag-Cu^li^ 
£&£1£fflU:. iixfeSe«0«l-l-l-6tc«»t 
S . UX^f-^AO S n P b 0#£it<4 1 ppmOT 
T*9. a&*ti0. 01cph/cm»HT«t«)t 

[0 0 57] 1 0«XTf-y7 , l 20A 1« 

Halt. ^\*-y^Uy^atJ:0^1 OOnmHO 
Till4bttMtU «W>-y^ffifcJ: l 3TiJ|14 
b±Kjfr4;umJI<7)N i 11 4 cfc^lfcU 
jfeCtON i«14c±lC5 0 0nmlfc7)Aull4d 

[0058] <5cfc. ^mww^i ot-f -r yr/kri/- 
h 3 o t * &w&b*tL. *m#m? i oos®! 1 4 

fcf< y7Vl/7V-h 3 0<7){iA,£'*-^3 6£W? 
U ^Tf--y7'l 2<0«®i 1 4±t(i^*A>7*l 6 
Sr»*Lfc, «®114tf)*JJiT*4Aull4d*» 
fctt/UiA'yr 1 6 <f»fc A u fr'&iUt LT . ±2 UfeUX 
tlfr&lZA u 0%Fjn$*lfc(iA^f>'CV7 > 1 6 

[ o o 5 9 ] mz , mm®. 2 o^m^mm^m 
tm? 1 0 iwnsht 1 . 1 0 omffii 1 

4±0{i^'A>n 6S-@K»^2 0<7)«®12 2(C 

[0060] ngxa+fctttvcu^tyri 6(c£ 
n. zrcommm 1 - 1 ~ 1 - 6 iza^xmmttmm 

[006 1] 1 0 S- 085«« 2 0 fcUXtfS 

£Lfc«7Elftfc*tlT, 125T. 85%RH, 5V 
WE|JjDttETP CT(Presser Cooker 
Test) ttRfcffofc. *<"0f8». £TOHM0<Jl - 
1 ~ 1 - 6 fcfc V *X 2 0 0 B#BJilt . «Htt3WB[«T* 

[0062] Ht^PEBWfLT, 125T30#fc 
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^TOli&fiai 1 - 1 - 1 - 6 (cfe^T 2 0 0 1M 
[0063] (SdfcW2-l~2-6)*»«2-l- 

2 - 6Tti»2«»»rjac j: 9 S'Sat u 

[00 64] T-<yr^7-U-h3 0^aA3 2(*jMtC 

xA-. y ? 0 yrmxammmizj; <o 5 0 0 n mnoA u 

■ 3 8*»*Lfc. mz, r-f >-r;P7V-h3 0coS 
*3 2(C3t*U^<i^X-^ h 3 4 5- U 7D— LT<4 

[0065] h 3 4 (i. 2 - 1 t« 

SnC3. 0wt%«Ag5:iALitSn-AgIIU 
fc'£&£ftEU **M2-2TUSn(C3. 5wt% 
WAgfcfiAXfcSn-AgjRtt^^fcttfflU * 
ifiW2-3TJiSn(C4. 0wt%«"DAg£fiAU:S 
n-Agmm^SfflL, HS60fl2-4T«Sn 
IC3. 5wt%<0Agil. 0wt%cOZni£iIAL 
fcSn-Ag-ZnJHl/^f^WIJU J»tW2- 
5TJiSntC3. 5wt%<0Agi: 1 . 0wt%<7)Bi 
ttmXltzSn-Ag-B ijKttiUfM^ttffit. 
|||fc«2-6T(iSnK3- 5wt%OAgi: 0. 7w 
t %<9C u k SrSA t /t Sn-Ag-Cu ^ti^'^ 
^ffifflLfc. £ftfcSBfcH2-l~2-6fc4ilt*. Ji 
^^fe<0 S n P b Off&ttti 1 P P m J31TT* 

0. «Hfi{i0. 0 1 cph/cm*trF<0itf)£flyB 

[0066] rV>'r;l/r^-h30<7)a^32P , >I®^ 
A u 1 3 8 frt>\S.A,W<>r 1 6 A u 3&«ffi|Jc LT . 
±» LfcttyWf^Afc A u *»aaiDS*lfcl^«*-^ 3 

[0 06 7] ^NWHR^lOO^Tf-yn 2«0A1« 
Halt. X/i-y?<J>ymz£ t )#)l0 0nmm<D 

Ti®14bfr^«L, 1»^< v*tttcj: OT i 1 1 4 
b±JC*54/xmJ!W)N i*14c*»jftUfc. 
[ 0 0 6 8 3 «|C. 1 0 b T 1 >7)V7V- 

y 3 o t amsbiti. 1 o«omffii 1 4 

Ktm yr^ru- h 3 0cOtiX7t'#-^3 6 SrlS¥ 

1 , ^7 f - v r 1 2 omffil 1 4 ±iciixn^ <y ri 6 

[ 0 0 6 9 ] <JCt . 2 0 ^RflSttffiWc^W 

ttSi 1 1 0 ^(js^-ti-t, ^fMff 1 o<7)«©i 1 

4im^^71 6SrHI8S««2 Ocom^/12 2tC 
[0070] ISilg+Cfc^Ttt^iA'y;?' 1 6 

mmztiKfritz. 

[007 1 ] ^ftS^P 1 O£0H*«2Ofc:ii/,rtf« 
•&Ufc*^ia»t«UT, 12 5*0, 8 5%RH, 5V 
<OWJD , tETPCTKil«:fT->fc. ^T«H 
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ltM2-l~2-6t*JV^r 2 0 0^iaUU:. im&tf 
M&X'Ztz. 

[0072] mtm^mmznLx. i2 5-c3o#t 

£X<7)Wm2- l~2-6(Cfc^T200-t^^/Hil 
[0073] (HJt«3- 1-3-6 ) nmw3-\- 

3-6 xum 3 om&miz x o i 

tz. 

[0 0 74] r< >-r^rU-h3 0OSA3 2rttcS 
n - A g^^lCJi*<7)A u %m.X UiO/JSf^-X h 

[0075] Ji/CJtX-A b 3 4(4. HSt093 - 1 T'(4 
Snfc3. Owt%«AgJ-ilAU:Sn-AgS(iA 
£'£&£ffiffiU 3WIW3-2TliSnK3. 5wt% 
OA g £SA USn-Ag ^li/tTtf L , £ 
JtW3-3"CJ4Snfc4. 0 wt%OAg£SAU:S 
n - A gjRUXrtteAfcttlfl L . HJfifll 3 - 4 Ttt S n 
£3. 5wt%<0Agfcl. Owt%cOZnfc$r^AL 
fcSn-Ag-Znmfc'^ffifflU HM0I3- 
5T'(4SnK3. 5wt%OAgil. Owt%OBi 
fc £*IA U: S n - A g - B i 3R<i^**«rttffl L , 
HtfeM3-6T»iSnK3. 5wt%c7)AgfcO. 7w 
t %coc u t £iIA LfcSn-Ag-Cu M±AJ££& 
fcttJBU ZtiblZttifti 1 w t %<r)&£MuLfz. 

z.tit>mm 3-1-3-6 \,zmi . ox**^*) s 

n 4>C0 P b WSSJt(4 1 P P m JSITT* "5 . « 18*14 
0. 0 1cph/cm'OT«i.«MfflLft. 
[0 0 7 6] r-f yT>V7V-Y-30iW>-32ft(n\t. 
Astz^-A h 3 4 £ U 7 n- LT . ±» L£iffiJ&DUX 
itfd*tttiUfiK-A'3 6 £J&£Lfc. 
[0077] ¥3(*fS^l OO^Tf-yTl 20A11 
14a±fc. ^/'Cv^i;y^ffi(Cj: l 5Wl0 0nmJW> 
Till4b£»JSU HflM OTiS 14 

b±Cift4 ju mf«N i 1 1 4 c Itz. 

[ o o 7 8 ] acic , i otT-t yr^ru- 

n 3 o t stated u imwMH 1 1 onmm 1 4 

(crV yr^ru— h 3 O0)HXrt*#-A'3 6 

U <7*v7l 1 4±W4^'A'yr 1 6 

zmuz. 

[ o o 7 9 ] <wc . ms&»s 2 o <o**«»ffiifc¥» 
i o zmw^frit l . ¥*stt*^ i o commm 1 

4±<DitA-tz^yri 6£E18&g«2 0OV&12 2£ 

[0080] «jtis+t:*i v>TJix^f^yr 1 6 fc^ 
mtf%!kthfrb'ofrzgmz£<ommuz. 

JR. £TO£tt«3-l~3-6fcfcUTSS8aBFSai 

[0081] ¥£ftSHP 1 0 £®S8Kf£ 2 0 fcl4/t*f£ 
^Lfc^FSHHCttLT* 125r, 8 5%RH, 5V 


is«i3-i-3-6(^v>T2oo»a±. 
[0082] miVf®mz*tLx. i25t;3o#fc 

-5 5'C3 0#?)ShM 9)VimZ'ft'>1z. **>8*. 
£T OHMfiBJ 3 - 1 - 3 - 6 K*3 2 0 0 ? MX 

±.commi)mmx'$tz. 
[0083] tt®mi-6&&&mn 

?i>Zk%< \iA,tz'<i>7£mtfi Uz. 

[0 084] ti yr;wru-b3 0^a^3 2C3E* 

L1z\*A,tz'<-Z. b 3 4 £ U ya- LX\tLtz*->V3 
6*#JSU:. <4/«: / <-*h3 4*4, itIWil-CttS 
n{C3. 0wt%c9Ag£jlAL£Sn-Ag3M4/U:' 
^fcttHU «*H2T1iSnfc:3. 5wt%cOAg 

T'<4Sn£4. 0wt%OAg$rigAL^Sn-Ag^ 
ttA^£££*ttflIU Jt«W4T'»4Snfc3. 5wt% 
OAgtl. Owt%0)Znfc£igAUSSn-Ag- 
Zn36tt/,rt?£&fcttfflU Jt8$"l5T14Sn£3. 5 
wt%<0Agfcl. 0wt%«0B i fc£SAU:Sn- 
A g - B i SRUXtfaafcttffl t . JtS&flJ 6 T14 S n IZ 
3. 5wt%OAgtO. 7wt%<?)Cui:£?gAU: 
Sn-Ag-Cu*ttA,££*S:flWHl,fc. Cin^ifc® 
0|l-6CJ3»t4. (i^i^cOSntfOPbcO^ttJt 
lilpprnGlTCfc 1 ), «^*(40. Olcph/cm 

[0085] ^flcSl^l OO^Tf-'xTl 20A11 
Malt, ^t-y^U^ffittiOWlOOnmaW) 
TiJil4b£JESfcU «W^-ydfffifcJ: l )Ti*14 
b±t^4^mW<0N ill4c5rJBfig,L/t. 

[0086] mz. *mm? iotfV yr^ri^- 

b 3 0 fc SrfiS^-li- L, *3I*»^ 1 0^mfiS« 1 4 
tf-f >-77U7V- h 3 0<0{4^^^■K-/^3 6 

^T^-77'l 2«)9ffiffl 4±JOtA,&<y7l 6 

[0087] ESS2«2 0 O^JS«fiSt*S 

ft*^ i o mmshit i . mm? 1 o wnsgi 1 

4 ±.<T*tA,tirty7 1 6 * BIBSfi 2 0 Ol©! 2 2 IZ 
[0 088] Sjtlg+tfcv^TJi^'A'yri 6tc^ 
*. tt«EM 1 X'UO . 0 5 %C05I*T. Jt®^9 2 T(i 

o. ixwbt. tt««3tiio. 2%(ommx. it 
®M4 x-ii o . i %commx\ &®m 5 1-{4 0 . 1 %<r> 
mmx\ ifcW6Ti4o. 2%<?)mmx\ gstbtfm. 

l-fz. 

[0089] 1 0 5r[IISS*«2 0 fctt^ft 

^tfc^HBKitUT. 12 5'C, 8 5%RH, 5V 
afflftrcE-CPCTttUfcfT^ifc. *Ott*. ^TCOJt 
W 1 -6 (CfcV^T 5 0-100 BffgHMS 
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[00 9 0] RtttflSKKWLT* 12 5°C3 0#£: 


[009 1] 


*S«1-3 


imi: 


glMg-3 


5*£lfl3-2 


*t-3.0%Ag 


Sft-3.5Mg 


Sn-3.SMg-1Cn 


Sn-lSUg-ltti 


Sn-3.5frg-0.7«Cu 


St-3.0Kg 


Sr»-3.SMg 


Sn-4.0%Ag 


S.r-3. StAr-IIZn 


$n-3.5%A£-0,7%Cu 


Sn-3.0%Ag 


Sn-3.5%Ag 


SrM.0*Ag 


Sn-3.5«Ag-1%Zn 


SnjjMgHjBI 


Sn-3. WgjJIOu 


ttttW3 


IttMH 


Sn 3. 0%jg 


Sn gjMg 


SrH.PEAg 


Sn-3.S%Ag-11gn 


SfH3.BttAg-f*BI 
Sn-3.5mg-0.7%5j 


0.05 


0.1 


0.2 


0.1 


0.1 


0.2 


(ft 


200fil± 


200 ia± 


200&.L 


30001 


200 J&± 


gOOglt 


200 U-t 


200ELt 


200feLt 


jjOjLh 


200£U 


200£Lh 


2000-t 


200gl± 


50*- 100 


50-100 


50-100 


50-100 


50-100 


50-100 


[0092] imuzmmm 1-1-1 -6. m 

-1-2-6. Ittiffl3- 1-3-6. ttHWl-6fc 
owe fSmSk i*b#>X$kltZ7fi Uz . 
[0093] 

[JKHOSS*] CLh^aO. **WcJ:*itf. Sn-A 
gJR*Afcai^>Au«rJni % SntAgtAu!:^ 

[0ffl<^PL&M 

[Ell ] *mm?MiA,&<>riz%miffi!klt: 
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